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The consumption of bread is globally increasing. However, due to increased costs 
associated with production of bread from 100% wheat flour especially in developing 
countries, other cereal based flours are now being blended with wheat flour to 
produce bread. This study was carried out to assess the effect of using two differently 
processed cassava flour (fermented and unfermented) and substitution level on 
proximate composition, sensory characteristics and overall acceptability of bread 
made from wheat-cassava flour blends. Bread was made using wheat flour 
incorporated in fermented and unfermented cassava flour at the ratios of 100:0, 90:10 
and 80:20 for wheat: cassava flour, respectively and baked using a Morphy Richards 
(serial number 20076019) bread maker. The results showed that both the cassava flour 
and cassava flour substitution levels significantly affected (p<0.05) proximate 
composition, sensory characteristics and overall acceptability of the bread. Regardless 
of flour type, increased cassava flour substitution progressively decreased the crude 
protein and fat contents while the ash content was increased. The trend in significant 
differences as a reflection of the effect of cassava flour type and substitution level for 
the bread sensory characteristics was not consistent. Bread made from the 100% 
wheat flour was not significantly different from breads made from the following 
cassava flour type and substitution levels: 10% fermented cassava flour, 10% 
unfermented flour and 20% unfermented cassava flour in colour, texture, aroma and 
taste. Significant differences were observed between bread made from the 100% 
wheat flour and breads from the following cassava type and substitution levels: 20% 
fermented cassava flour, 10% and 20% unfermented cassava flour in colour, texture, 
aroma and taste. Overall acceptability and index to volume were both significantly 
affected by the cassava flour type and substitution levels. In conclusion, cassava flour 
substitution levels in wheat-cassava flour blends for bread making should not exceed 
10% regardless of how the cassava flour has been processed to ensure bread with 
improved proximate composition and acceptable sensory attributes. 
 







Wheat flour is the main cereal crop used for baking different products such as bread 
primarily because of its high gluten content and production of different baked 
products can be done at both household and industry level. Wheat is one of the 
world’s major cereals and is suitable for bakery products because it has a bland 
flavour [1]. Wheat is most adapted to temperate climate. In Africa, it is mostly 
successfully grown in cool season when temperatures do not exceed 25°C and the 
humidity is low. Wheat grain is rich in protein (12.7g/100g), fat (2.2g/100g), iron 
(3.5mg/100g), calcium and several of B vitamins such as thiamine (0.40mg/100g), 
niacin (5.0/100g) and riboflavin (0.17mg/100g) [2]. On the other hand wheat is poor 
in vitamins A (trace), D and C. Thus, they have to be supplemented by other flours in 
the diet.  
 
Incorporation of different proportions of flours from cereals and legumes in baked 
products such as bread is extensively being studied especially in developing countries. 
Cassava flour is used with wheat flour in bread making and more research is ongoing 
to improve the bread characteristics from different cassava processing methods and 
assessing the adoption requirements [3]. Cassava flour is variedly processed in 
different parts of Malawi. The cassava flour in the lakeshore district of Nkhata bay is 
processed from sun dried tubers which have been fermented for 4-7 days while in the 
southern districts of Thyolo and Mulanje, the flour is usually processed from 
unfermented sliced tubers which are ground into flour after being sun dried. The 
available literature on cassava flour use in bread making especially in Malawi suggest  
limited  research work on how cassava flour  substitution  in wheat flour may affect 
proximate composition, sensory characteristics and overall acceptability of bread. 
 The current study was therefore carried out to assess the effect of two differently 
processed cassava flour types namely fermented and unfermented flour and cassava 
substitution level on proximate composition, sensory characteristics and overall 
acceptability of bread made from wheat-cassava flour blends. 
 
MATERIALS AND METHODS 
 
Raw materials collection 
The cassava tubers used in the study were purchased from the local farmers from 
villages surrounding Bunda College of Agriculture. Consideration was made to 
purchase one single local variety from the local farmers to minimize variations which 
might be attributed to cassava variety. All the other ingredients required for bread 
making like bread wheat flour, sugar, yeast, salt and margarine were purchased from 
local markets within Lilongwe city. 
 
Cassava tuber preparation and flour processing 
The tubers were thoroughly washed to remove the adhering soils and the outer layers 
were peeled off using knives and subsequently processed in two ways. For 
unfermented cassava flours, the peeled tubers were grated using a traditionally 





and then they were milled into flour using a hammer mill. For the fermented cassava 
flour, the peeled tubers were soaked in buckets containing water for 7 days and 
thereafter, they were thoroughly washed, sun dried and ground into flour prior to use. 
 
Proportions of wheat and cassava flour in bread making 
Different proportions of wheat and cassava flour were used in the bread making and 
included the following proportions for wheat-cassava flour blends: 100:0, 90:10, 
80:20. Bread was baked using a Morphy Richards bread maker (Serial number 
20076019). The amounts of ingredients to be used in the bread making were specified 
by the bread maker operating manual. All the specified amounts of the ingredients in 
the following sequence: water, milk, sugar, salt, margarine, wheat flour, cassava flour 
and yeast were fed to the bread maker and the whole process from mixing, dough 
rising and dough baking took approximately 3 hours.  
 
Sample preparation for nutrient and ash content analysis 
The different representative samples of bread made from the different variations 
(cassava flour type and substitution levels) were cut into slices of 2-3 cm thick. The 
slices were spread on paper and let to dry at the prevailing ambient room temperatures 
which were ranging from 25-27oC until sufficiently crisp and brittle to grind well in a 
mill. The sample was ground to pass No. 20 sieve and mixed well and kept in air-tight 
containers prior to use. 
 
Proximate composition analysis 
All the nutrient and ash content analysis were done according to the Association of 
Official Analytical Chemists protocol [4, 5, 6]. Crude fat and ash contents were 
determined by Soxhlet extraction method and ashing by incinerating in the muffle 
furnace for 5 hours at 500oC respectively.  Protein content was determined by 
Kjeldahl method while moisture content was determined by oven drying at 150oC for 
one hour.  
 
Sensory characteristics, index to volume and acceptability evaluation 
Evaluation of sensory characteristics and acceptability were determined using 
appropriate descriptions with well-defined numbering scores for colour, texture, 
aroma, taste and the seven-point food action rating scale for acceptability. Index to 
volume was measured in millimetres by piercing the bread with a small wooden stick 
in five different points of bread and averaged the total five depth measurements using 
a ruler. Sensory characteristics evaluation involved descriptive analysis of the sensory 
attributes under consideration. Semi trained panellists (40) mainly consisting of 
college students and members of staff from Bunda College assessed the overall 
acceptability of bread using the seven point food action rating scale [7]. For 
descriptive analysis, 10 trained panellists were used to evaluate colour, texture, aroma 
and taste with a scale of 1-5 comprising of appropriate descriptions reflecting the 








All proximate composition and descriptive sensory data were analyzed using Genistat 
12th Edition, where analysis of variance (ANOVA) was used to compare means and 
Least Significance Difference (LSD) was used to separate and differentiate means 
(p<0.05). Data from acceptability sensory scores were analyzed using Statistical 
Package for Social Scientists (SPSS) for windows version 12.0 and index to volume 




Bread top surface colour and texture 
The results on bread colour and texture are presented in Table 1. There were no 
significant differences in colour and texture between control sample and bread from 
10% substituted fermented cassava flour. Furthermore, it was found out that texture of 
the control sample was not significantly different from bread made from 10% and 
20% substituted non fermented cassava flour.  However, it was  observed that bread 
made from the 100% wheat flour or control sample was significantly different with 
breads from 20% substituted fermented cassava flour and 10% and 20% substituted 
non fermented cassava flour.  
 
Bread aroma and taste 
The results for aroma and taste are presented in Table 2. The aroma and taste of bread 
made from the 100% wheat flour was comparable to the bread made from the 
substitution levels of 10% fermented and 20% non-fermented cassava flour. However, 
significant differences were observed in bread made from the 100% wheat flour when 
compared with breads made from 20% substituted fermented cassava flour and 10% 
substituted non fermented cassava flour. The results also showed that both cassava 
flour type and substitution level significantly affected aroma and taste of the bread. 
 
Proximate composition  
The results for proximate composition are presented in Table 3.  Protein and fat 
contents were significantly affected by cassava flour type and substitution level while 
no significant difference was observed in moisture and ash contents. Increased 
cassava flour substitution levels irrespective of type decreased protein and fat 
contents. On the other hand, an increase in cassava flour substitution levels 
irrespective of type increased ash content. 
 
Acceptability and index to volume 
Acceptability and index to volume scores are presented in Table 4. Both cassava flour 
type and substitution level significantly affected (p<0.05) acceptability and index to 
volume scores. Higher acceptability and index to volume scores were obtained in 
bread made from 100% wheat flour than in substituted fermented and non-fermented 
cassava flour and increased cassava flour substitution levels resulted in decreased 
scores. However, index to volume scores were high in bread made from substituted 
fermented cassava flour than in substituted non fermented cassava flour regardless of 








Bread colour and texture 
The results on top surface colour of the bread and bread crust texture showed that they 
were significantly affected by the cassava flour processing methods and the rate of 
substitution of cassava flour in the wheat-cassava flour blends for making the bread. 
The results showed that as more cassava flour was being substituted in wheat-cassava 
flour blends, the intensity of browning was increasingly becoming less and the bread 
made from the 100% wheat flour was browner than the other types of the breads. This 
was expected since the reduced amount of proteins in the breads made from different 
proportions of the wheat: cassava flour blends meant reduced proteins in the Maillard 
reactions which is one of the reactions responsible for brown colour. However, these 
findings are inconsistent with other similar studies where it was reported that cassava 
flour supplementation in composite bread did not reduce the caramelization process 
which forms the brown colour during baking [8]. It was further observed that there 
were no significant differences in colour of the top surface of bread made from 100% 
wheat flour and the bread made from 90%:10% wheat-fermented cassava flour 
blends. The intensity of the browning followed a trend where the higher the colour 
scores corresponded with increased colour (brown) intensity. The bread crust texture 
was significantly affected by the type of cassava flour and the substitution rate in the 
wheat-cassava flour blend used in the making of the bread. For texture, lower scores 
signified more tenderness. The crust texture varied from moderately tender to 
moderately tough. The results on crust texture are consistent with findings which 
reported that if pure starch from another cereal or tuber is used, the product is 
considerably more rigid and its texture is irregular because gases are insufficiently 
retained in the dough [9].  Significant differences were observed in breads made from 
100% wheat flour and the one with substitution of 20% fermented cassava flour. 
However, there were no significant differences between bread made from 100% 
wheat flour and the one with a substitution of 20% non-fermented cassava flour.  The 
results on texture of the bread crust are also in agreement with previous related studies 
although in one of the studies the effect of cassava flour processing method on texture 
was not considered and included other factors such as baking time [10, 11]. Results on 
colour and texture were also consistent with findings by other researchers who used 
wheat-grain amaranthus flour blends in making bread [12].  
 
Bread aroma and taste 
Significant differences were observed in aroma and taste of the breads produced from 
the two differently processed cassava flours and using different substitution rates of 
cassava flour in the wheat-cassava flour blends. The trend in both taste and aroma 
showed the two sensory parameters were favourably scored in breads produced from 
reduced amounts of cassava flour.  However, the trend of significant differences was 
not consistent in all the types of bread. It was noted that there were significant 
differences in aroma of bread made from 100% wheat flour and the one with 20% 
substitution of fermented cassava flour while no significant differences were observed 





shown in Table 2. A similar observation was also found in a related study where it 
was concluded that there was a general decrease in sensory scores such as aroma with 
increase in the supplementation level with cassava flour [13]. Similarly, it was 
observed that there were also significant differences in taste for  bread made from 
100% wheat flour and that made with substitution of 20% fermented cassava flour. 
However, it was further noted there were no significant differences from bread made 
from 100% wheat flour and the bread made with 10% substitution of fermented 
cassava flour and this observation is in agreement with previous findings on a related 
study which reported that taste was not affected by the level of cassava flour 
substitution [14]. It was additionally noted that there were some inconsistencies in the 
results trend which could be attributed to challenges posed in sensory evaluation 
studies since data collected from human beings are generally known to vary due to 
anticipated difficulties in understanding and interpreting of terms in descriptive 
analysis.  Furthermore, some researchers have reported that traditional judging 
methods have several shortcomings such as difficulties in assigning quantitative 
scores and thus by using traditional methods, some products with very different 
sensory characteristics, such as those identified by a product flavour profile, but with 
no product defect will obtain the same quality score [15]. 
 
Proximate composition  
The results on proximate composition of the breads showed that different parameters 
were affected differently by the type of the cassava flour used and the substitution rate 
of cassava flour in the wheat-cassava flour blends. An increase in the levels of 
cassava flour regardless of how the cassava flour was processed resulted in 
progressive decrease in protein and fat contents and this trend is similar to previously 
conducted studies although in one of the studies cassava flour was supplemented in 
biscuit making and additionally the composite flour was further enriched with soy 
flour [16, 17, 18]. This observation can be attributed to the fact that cassava flour is a 
poor source of both proteins and fats and, therefore, its increased incorporation in 
bread making would undoubtedly result in correspondingly reduced amounts of 
proteins and fats. There were no significant differences in moisture contents in all the 
types of breads produced and this observation is due to the fact all the baked breads 
were subjected to the same baking conditions in the bread maker. The ash content of 
the breads was progressively increasing with increased cassava flour supplementation 
and the observed results are in line with a similar study where an increase in cassava 
flour supplementation in bread making resulted in a corresponding increase in ash 
content and that inorganic nutrients in the composite bread are richer than that of 
wheat bread [19, 20]. Significant differences were only noted when comparisons were 
made between breads made from the 100% wheat flour and those with different 
substitution rates for both fermented and non-fermented cassava flour. However, 
when comparisons were made from breads made from the fermented and non-









Acceptability and index to volume 
From the results, acceptability and index to volume were both significantly affected 
by the type of the cassava flour used and the rate of cassava flour substitution in 
wheat-cassava flour blend. The results on acceptability agreed with those reported in  
previous related studies  where it was found out that substitution levels of cassava 
flour obtained from citric acid treated tubers  influenced overall acceptance of bread 
and overall acceptability scores decreased with an increase in cassava flour 
supplementation level for wheat-cassava composite biscuit enriched with soy flour 
[21, 22]. The scores for index to volume decreased progressively with increased 
cassava flour supplementation and the bread made from 100% registered highest 
scores. However, bread made from fermented cassava flour had higher scores than 
bread made from the unfermented cassava flour and the reason might be attributed to 
the modification of the flour functionality properties as reported in a similar study 
where cassava flours produced from tubers which were steeped for 24 hours and 
treated with citric acid produced breads with improved quality characteristics [23]. 
Additionally, index to volume results were in contrast to other findings where it was 
reported that loaf height which is closely related to index to volume, loaf volume, 
oven spring and specific volume obtained from composite flours at 20% and 30% 
cassava substitution level and 1% malt were not significantly different to that of 
control bread obtained from 82% extraction ratio wheat flour [24]. 
 
CONCLUSION 
From the results, it can be concluded that cassava flour processing methods and 
substitution levels significantly affect the proximate composition, sensory 
characteristics and overall acceptability of bread made from wheat-cassava flour 
blends. Increased substitution level of cassava flour correspondingly reduced protein 
and fat contents in the breads while the ash content was increasing with increased 
cassava flour substitution level. Generally, index to volume scores were higher in 
substituted fermented cassava flour blends as compared to the unfermented cassava 
flour and a 10% substitution level in cassava flour is recommended for acceptable 
sensory attributes in breads made from wheat-cassava flour blends. 
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Table 1:  Mean scores for colour and aroma of bread  
 
Bread type based on cassava flour   Sensory characteristics score 
type and level of cassava flour substitution  Colour   Texture 
 
100% wheat flour     2.89±1.08a  2.29±1.06a 
 
Fermented flour:   Wheat-cassava flour ratios  
   90%:10%   2.62±0.91a  2.58±1.09a 
   80%: 20%   2.47±0.79b  3.02±1.14b 
 
Unfermented flour:  
90%: 10%   2.51±0.87b  2.07±0.81a 
   80%: 20%   2.73±0.94ab  2.62±1.17a 






Table 2:  Mean scores for aroma and taste of bread  
 
Bread type based on cassava flour   Sensory characteristics score 
type and level of cassava flour substitution  Aroma   Taste 
 
100% wheat flour     2.24±1.11a  2.71±1.70a 
 
Fermented flour:   Wheat-cassava flour ratios   
   90%:10%   2.49±1.20a  2.40±1.66a 
   80%: 20%   2.93±1.18b  2.69±1.49a 
 
Unfermented flour:  
90%: 10%   2.22±0.88a  3.96±2.06b 
   80%: 20%   2.62±0.77a  3.41±2.01a 







Table 3:  Proximate composition of the bread (g/100g) 
 
Bread type based on cassava flour       Proximate composition values 
type and level of cassava flour substitution                       Moisture            Protein                 Fat    Ash  
     
 
100% wheat flour      34.03±1.66a  11.20±0.10a  1.56±0.01a 1.65±0.16a 
      
Fermented flour:   Wheat-cassava flour ratios    
   90%:10%    33.03±1.42a  10.23±0.42b  1.33±0.04b 1.98±0.01b 
      
 
   80%: 20%    33.10±0.82a  7.57±0.50c  1.25±0.02c 2.01±0.01b 
      
Unfermented flour: 90%: 10%    30.53±0.32a  10.10±0.50b  1.29±0.02c 1.96±0.01b 
    





Means in the same column with different letters as superscripts are significantly different (p<0.05) 
 
Table 4:  Mean scores for acceptability and index to volume  
 
Bread type based on cassava flour        
type and level of cassava flour substitution     Acceptability   Index to volume (mm) 
 
100% wheat flour                2.67±1.40a   137.60±3.80a   
     
Fermented flour:   Wheat-cassava flour ratios   
   90%:10%      3.26±1.3ab   122.80±3.10b    
 
   80%: 20%      2.89±1.30ab   108.80±3.70c    
 
Unfermented flour: 90%: 10%      3.42±1.50b   105.80±4.70c    
   80%: 20%      2.70±1.30ab   93.80±3.70d    
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